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Evaluation of Ground Corncobs and Corncob 
Components as Nutritive Materials in Rations 
for Beef Cattle * 
]. MATSUSHIMA, T. W. DowE AND V. H. ARTHAuo1 
INTRODUCTION 
J T is estimated that 15 million tons of corncobs are produced annual-
ly in the United States (11). Although there are no reliable figures 
aYailabl e for the amount of corncobs fed to livestock, the quantity is 
probably much less than the amount used for industrial purposes. 
Ground corncobs have been included in experimental rations 
(2, 12) for beef cattle and various feeding values have been teported 
for this feed . Burroughs and co-workers (8) obtained in 13 digestion 
comparisons with steers an average total digestible nutrient (T.D.N.) 
value of 51.63. Schneider (17) gives a T.D.N. value of 46.73 where 
digestibility of corncobs was determined with sheep and goats. 
These T.D.N. values and also the crude protein and crude fiber of 
corncobs fall within the same chemical composition ran ge of many 
low quality rough ages such as oat straw and corn stover. (15). 
Various supplements have been added to ruminant rations to de-
termine their effects on the utilization and digestibility of nutrients in 
low quality roughages (6, JO, 14, 16, 18, 19). Numerous in-vitro studies 
have shown that microbial activity and cellulose digestion can b e 
a{fected by the addition of various substances or supplements (3, 4, 5, 
7, 9, 13). 
The industrial use of corncobs has been increasi ng each year (11 ) 
and some of the residues from processing of cobs have had no market 
outlet. Structurally, the corncob is made up of the pith, fin e chaff 
(referred to frequently as beeswing), coarse chaff, and woody ring. 
The proximate analyses of the different components of the cobs a nd 
the entire cob are sh own in Table 1. 
* A report of work done under contract with the U. S. Department of Agricul -
ture and author ized by the R esearch and Marketing Act. T he contrac t was super-
vised by the Northern Utilization R esearch a nd Development Division of th e 
Agricultural R esearch Service. 
1 J. :Matsushima , T. W. Dowe are Associate Professors, Depa rtmen t of A nimal 
Husband ry. V. H . Arthaud is Assistan t Professor. 
TA BL E 1. Proximate analyses of corncobs and components of the corncob.1 
Entire Coarse Bees wing Woorly Pith 
cob chaff ( fine chaff) rin g 
% % % % % 
Solubility in : 
Hot water 5.1 4.3 10.2 3.9 5.0 
Alcohol benzene 2.4 2.5 3.8 1.6 5.0 
13 NaOH 32.9 35 .9 48 .2 29.8 39.2 
Constituents: 
Ash 1.1 1.9 0.9 1.0 1.2 
Ligni n 14.2 16.0 17.2 13.8 9.2 
Pentosans2 4 1.4 38.6 29.7 42.8 38.5 
Alpha cellulose• 32.4 41.3 19.l 53. l 34.3 
1 Clark and Lathrop (11), table 6, page 13. The values for t he " entire cob" as given in 
this table are average values compiled from the data shown in Table 7 ( for th e h ybrid varieties ) 
in the sa me publication . 
2 Based on 80 % conversion of pentosans to furfural. 
3 Monoethanolaminc m ethod, ash . free and corrected for pen tosans. 
The vast supply of corncobs, plus the by-products from their 
processing for industrial purposes, provides materials potentially use-
ful for ruminant feeding. A method or methods that will increase the 
digestibility and utiliza tion of the nutrients in corncobs would un-
doubtedly result in increased usage of cobs in livestock rations. The 
results reported in this publica tion were taken from two feeding trials . 
EXPERIMENT AL 
Feeding Trial I 
The primary objectives of this feeding trial were: 
1. To determine the effect of texture (degree of fineness of grind-
ing) of ground corncobs and woodyring when fed in wintering rations 
for beef cattle. 
2. To compare the feeding value of ground corncobs with beeswing 
and woodyring in wintering rations for beef cattle. 
3. To d etermine the benefits of adding a coarse roughage (long 
stemmy roughage to induce chewing) to a ration composed largely of 
ground corncobs or corncob fractions . 
Animals Used: 
Sixty head of "good" grade yearling Hereford steers were initially 
divided into ten lots of six h ead each. A steer in lot one failed to gain. 
Since this steer's health and gain was poor and could not be at-
tributed to treatment effects, the data for this animal were not in-
cluded in this report. 
The average initial weight of the steers was 870 pounds. 
Feeds Used: 
The ground corncobs, woodyring and beeswing materials were 
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processed at a custom grinding plant near Peoria, Illinois and shipped 
to Lincoln, Nebraska. 
The two textures (fineness of grind) of ground corncobs and woody-
ring used in this test were: (I) ground in a hammer mill through a 
% inch screen, and (2) ground through a Yi inch screen. Only one 
texture, % inch, of beeswing was used. 
The term beeswing is applied to pith and chaffy components of 
corncobs recovered following crushing and grinding of corncobs pro-
cessed for the preparation of industrially useful materials. By defini-
tion, this beeswing material includes inner and outer glumes and pith. 
The solvent-processed soybean oil meal (443 protein), liquid black-
strap molasses (approximately 803 brix solids), No. 2 grade, medium 
ground, shelled corn and good quality alfalfa hay included in the 
various rations were purchased locally. 
Rations: 
Two general types of rations contammg corncob materials were 
designated for this feeding trial. The composition of the individual 
rations and the lots to which the rations were fed are shown in 
Table 2. 
The ground corncobs or cob components were fed at approxi-
mately the same rate or level to all steers but the proportions of the 
supplemental ingredients were designed to provide essentially the 
same protein and total digestible nutrients (T.D.N.) by adjusting the 
amount of corn and molasses in the ration to two levels. Alfalfa hay 
was included in the rations for five lots (1 , 2, 8, 9 and IO) of steers. 
The other five lots (3, 4, 5, 6 and 7) did not receive alfalfa hay. These 
steers were fed 2.5 pounds more corn and I pound more molasses than 
those fed alfalfa hay in the rations. The alfalfa hay was added to 
determine if a coarse stemmy roughage might possibly stimulate addi-
tional chewing and aid in the physical balance of the rumen. 
Vomiting and salivation was observed in a commercial feed lot 
TABLE 2. The daily ration (per head) planned for the experiment. 
Lot No. / 
*Ground Ground 
I 
Alfalfa 
I 
Soybean 
I 
corncobs, *Beeswing, '* Wood yring, shelled ha y, oil meal , Mola sses, 
Jbs. lbs. lbs. corn , lbs. lbs. lbs. lbs. 
I 8 0 0 3 4 l 
2 0 8 0 3 4 I 
8 0 0 8 3 4 l 
9 8 0 0 3 4 l 
10 0 0 8 3 4 l 
3 8 0 0 .5.5 0 2 
4 0 8 0 5 .5 0 2 
5 0 0 8 5.5 0 2 
6 8 0 0 5.5 0 2 
7 0 0 8 5.5 0 2 
•The steers in lots 1, 2 , 3, 4 , 5 and 8 were fed corn cobs, beeswing or woodyring th at was 
ground through a 3/., inch screen while the animals in lo ts 6, 7, 9 and 10 were fed corncobs or 
woodyring ground through a 1;,; inch screen. 
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operation in Nebraska where large quanuues of ground corncobs 
were fed in a fattening ration which also included ground ear corn, 
protein supplement and liquid molasses. These reactions were noticed 
after the cattle had been on such rations for about sixty days. 
In addition to the feeds shown in Table 2, all of the steers in the 
experiment were fed 5 grams of commercial vitamin A supplement 
(10,000 I.U. per gram) per head daily for the last 60 days of the test. 
Iodized block salt was fed free choice. 
The ration ingredients were not mixed together prior to feeding . 
All of the feeds were weighed out separately for each lot of steers. 
The concentrates were p laced on top of the roughages and mixed by 
hand in the open fed bunks at feeding time. The cattle were fed twice 
daily. 
The chemical analyses of the corncobs and cob fractions used in 
the experimental rations are presented in Table 3. The chemical 
determinations were made by the Biochemistry and Nutrition Depart-
ment, University of Nebraska. 
Results: 
The feeding period extended from February 9, 1955 to June l , 
1955, a total of 112 days . 
A summary of the data for the feeding trial showing the gains,. 
average daily r a tion, and feed consumption per hundred weight gain: 
for each of the ten lots is presented in Table 4. 
In this experiment, the beeswing and woodyring were utilized· 
nearly as effectively as the ground corncobs when evaluated on the: 
basis of animal gains. The steers in two of the lots which were fed! 
beeswing in th eir rations made an average daily gain of 1.16 pounds 
and the four lots of steers fed woodyring in their rations also made 
exactly the same average dail y gains. The four lots of steers fed 
ground corncobs in their rations made an average daily gain of l .14 
pounds per h ead. 
The addition of alfalfa hay to rations consisting largely of corncob, 
TABLE 3. Chemical analyses of corncobs and corncob fractions* 
Sa mp le Beeswing Corncob Corncob Woodyring Woodyring %" V.." %" IA" %" 
% % % % % 
Protein 4.04 2.02 2.32 1.68 1.84 
Ash 6.31 2.05 1.99 1.25 1.37 
Lignin 13.9 15.3 14.4 15.4 15.2 
Pentosans 35.8 39.0 38 .7 37.4 38.0 
Cellulose 30.6 38.4 36. 1 38.1 38.8 
Solubility in: 
Hot wa ter 7.30 4.92 6.7-J: 4.26 5.24 
Alcohol-benzene 3.23 2.32 3.82 2.54 3.66 
1% NaOH 39.8 34 .9 35.4 33.8 33 .6 
"" The va lues are reported on moi snue.free basis . 
5 
TABLE 4. Trial I-Summary of feed consumption and weight gains during wintering phase by cattle whose rations included various 
corncob materials-February 9, 1955 to June 1, 1955-112 days. (Results based on one average steer) 
Lot No. 1 2 3 4 5 6 7 8 9 10 
No. Steers per lot 5 6 6 6 6 6 6 6 6 6 
Initial weight, lbs. 875 872 879 867 868 865 870 867 871 867 
Final weight, lbs. 1021 993 999 1005 1009 990 988 993 993 1001 
Total gain, lbs. 146 121 120 138 141 125 118 126 122 134 
Daily gain, lbs. 1.30 1.08 1.07 1.23 1.26 1. 12 1.05 1.1 3 1.09 1.20 
Daily feed consumption, lbs. : 
%" cobs 10. l 9.4 
%" beeswing 9.4 9.4 
%" woodyring ... .. . ..... . ..... 9.4 9.4 
\I.I" cobs .. .... . ..... 9.4 8.9 
\I.I" woodyring 9.1 8.5 
a> Ground shelled corn 3.2 3.0 5.5 5.5 5.5 5.5 5.5 3.0 3.0 3.0 
Soybean oil meal 1.0 1.0 2.0 2.0 2.0 2.0 2.0 1.0 1.0 1.0 
Molasses 1.0 1.0 1.0 1.0 1.0 1.0 1.0 J.O 1.0 1.0 
Alfalfa hay 4.2 4 .0 3.7 4.2 4. 1 
Vitamin A, grams* 5 5 5 5 5 5 5 5 5 5 
Feed Consumed per cwt., gain: 
%" cobs, lbs . 77 1.2 876.7 
%" beeswing, lbs. 869.4 762.3 
%" woodyring, lbs. 746. 1 834.9 
\I.I" cobs, lbs. 84 1.6 8 16.'I 
\I.I" woodyring, lbs. 866.9 709.7 
Ground shelled corn 245.9 277.7 513.3 446.4 436.9 492.8 519 .5 266 .7 275 .4 250.7 
Soybean meal 82.2 92.6 186.7 162.3 158.9 179.2 189.0 88.9 91.8 83.6 
Molasses 82.2 92.6 93.3 81.2 79.4 89.6 94.9 88 .9 9 1.8 83.6 
Alfalfa hay 322.6 369.4 327.0 385.2 344.0 
'Fed 5 grams/ steer/ day for 60 days from middle of February to middle of April. 
beeswing, or woodyring h ad very little effect in increasing gains. The 
fi ve lots which r ece ived alfalfa hay in their rations gained an average 
of 1.16 pounds daily and the other five lots made an average daily gain 
of 1.1 5 pounds. No vomiting or excessive salivation was observed in 
any of the steers regardless of the presence or absence of the alfalfa 
h ay. 
A comparison of gains b etween the groups fed the ¥s inch ground 
cobs and woodyring and those fed Y4 inch ground cobs and woodyring 
did not disclose any appreciable difference. The average daily gains 
were 1.19 and 1.11 pounds for the ¥s inch and Y4 inch m aterials 
respectively. 
The steers fed woodyring in the ration made the most efficient 
gains while those fed ground corncobs made the least efficient gains. 
However, these differences were not great as shown in Table 5 where 
the feed efficiency values for the various lots were calculated on the 
basis of T.D.N. (total diges tible nutrients) consumed for each pound 
of gain. 
The T.D.N. values for the various feeds fed in the rations were 
taken from Morrison's Feeds and Feeding (15). The following T.D.N. 
values were used: ground corncobs, 45.7 3 ; corn, 80.1 3 ; soybean oil 
m eal, 78.53 ; molasses, 54.03 ; and alfalfa hay, 50.33 . There were 
no T.D.N. values for the woodyring or beeswing available in the 
litera ture. H owever, the similarity in chemical composition of these 
cob materials to that of the cob seemed justifiable to use the same 
T.D.N. value of 45.7% for the woodyring and beeswing. 
There were no diges tion trials conducted in connection with this 
study. The equation proposed by Winchester and Hendricks (20) can 
be used for es timating the amount of T.D.N. required daily for main-
TABLE 5. Comparison of " Observed "1 and " Estimated"" T .D .N . consumption per 
h ead dail y. 
Average Observed T.D .N . Observed Estimated 
Lot No . Dail y Consumed per T .D.N. T.D .N. 
Ga in pound of gain Consumption Consumption 
lbs. lb s. lbs. lbs. 
1 1.30 8.21 10.71 10.92 
2 1.08 9.28 10.03 9.87 
3 1.07 10.03 JO.SO 9.87 
4 1.23 8.77 10.80 10.53 
5 1.26 8.58 10.80 10.68 
6 1.12 9.68 10.80 10.01 
7 1.05 10.12 10.66 9.71 
8 1.1 3 8.77 9.87 10.06 
9 1.09 9.08 9.89 9.90 
10 1.20 8.09 9.68 10.39 
1 The "observed " T .D .N . values in column four were derived by multiplying the average 
amount of each feed co nsumed per head by the T .D.N. value for the respective feed and then 
divided by 112 da ys. 
2 The "estimated" T.D.N. values were obtained by applying Winchester and Hendricks" 
equation. 
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tenance and gain m weight by beef cattle. W inchester and Hernl-
ricks' equation is-
£ = 0.0553 V1T2/ 3 (l + 0.805g) 
where f= daily energy requirement in pounds of T.D.N., 
\!\T =average body weight of animal in pounds, and g = 
average daily gain in pounds. 
When the average daily gain and the average weight of the animal 
during the feeding period for a given lot is substituted into the 
equation it is possible to es timate the T .D .N . value of the ration. 
These values are referred to as "estimated T.D.N. values" in this 
article. 
The "observed " T.D.N. values shown in Table 5 are the pounds of 
average daily T.D.N. consumed per steer. These values were obtained 
from the following calculations: feeds consumed during experimen t 
x T.D.N. (Morrison's value) of respective feeds in the ration and 
divided by 112 (number of days fed) . A value of 45 .73 was used for 
the T.D.N. of woodyring and beeswi ng. A statistical analysis (t test) 
comparing the "observed " T.D.N. values with the "estimated " T.D.N. 
values shown in Table 5 reveal that there was no significant differ-
ence (P > 0.3). 
The T.D.N. values for the corncobs, beeswing and woodyring were 
determined by using the "estima ted daily T .D .N. requirements" ob-
tained by Winchester and H endricks' equation. The estimated T.D.N. 
values shown in Table 6 were obtained as follows: 
(a) A- B = C (b) C + D x JOO = Estimated value of 
"unknown" feed, 
where A= daily T.D.N. requirement, in pounds, com-
puted from Winchester and H endricks' (20) 
equation; 
B =average daily T .D.N. consumption which was 
derived by multiplying the pounds of feed (ex-
cept the "unknown feed" such as corncob) in 
the ration x Morrison's T .D.N. values; 
and D =amount of "unknown" feed consumed daily. 
It will be noted from the values shown in Table 6 that the per 
cent of T .D.N. in corncobs, beeswing and woodyring ranged from 
35.5 to 54.0. The average of the ten values shown in Table 6 is 43.63 
T.D.N. This value compares favorably with 45.7 3 T.D.N. for the 
corncobs reported by Morrison. 
There was only a slight difference in the average daily gains be-
tween the five lots ( l, 2, 8, 9 and JO) that were fed alfalfa hay in the 
rations and the five lots (3, 4, 5, 6 and 7) that did not receive alfalfa 
hay in the ration. However, on the basis of the estimated T.D.N. 
shown in Table 6, higher T.D.N. values for cob materials were cal-
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TABLE 6. "Estimated" T.D.N. values of ground corncobs, beeswing and woodyring 
based on 'Vinchester and Hendricks ' formula. 
\.Yith flay in the Ration 
Lot.No. 
I (% " cobs) 
2 (3/s " beeswing) 
8 (3/s " woodyring) 
9 ( \!,I" cobs) 
IO (\!,I" woodyring) 
3 T.D.N. 
47.6 
45.4 
47.7 
45.6 
Average 
54.0 
48.1 
\Vilhout Hay in the Ration 
Lot.No. 
3 (% " cobs) 
4 
5 
6 
7 
13/s " beeswing) 
(% " wooclyring) 
(\!,I " cobs) 
( \!,I " wooclyring) 
3 T.D.N. 
35.7 
42.8 
44.4 
37.2 
Average 
35.5 
39.1 
culated for the group fed alfalfa hay in the ration than for the group 
receiving no hay. If it can be assumed that the ration constitutents 
or ingredients, excluding the ground corncobs, beeswing or the woody-
ring, were digested to the same degree (i.e., if the corn and other in-
gredients fed to the steers in lots 1 and 3 were digested alike) it is 
plausible to assume that some unkown factor in alfalfa hay, or per-
haps the increased stimulation in chewing of the alfalfa hay resulted 
in a higher digestibility of these cobs or cob fractions. 
However, there is a factor that should not be overlooked in these 
increased digestibilities of corncobs and cob fractions in the lots which 
received the alfalfa hay. When rumen samples were taken periodically 
from one of the steers in this experiment that received alfalfa hay 
and also from a steer that did not receive alfalfa hay, Anderson (1) 
found that the number of starch-fermenting organisms was much 
greater in the samples taken from the steer that did not receive alfalfa 
hay. 
It must be noted that the steers that did not receive alfalfa hay 
in the ration were fed a larger quantity of corn. The steers fed 
alfalfa hay in the ration received about 163 corn in the total ration 
whereas the steers that did not r ece ive alfalfa hay had about 303 corn 
in their ration. The greater supply of starch in the ration might have 
accounted for the lower digestibility in the corncobs and cob fractions 
where alfalfa hay was not fed. 
As noted in Table 3 there was very little difference in the chemical 
composition of the ground corncobs. beeswing and woodyring fed to 
the steers in this test. On the basis of the "estimated" T.D.N. values 
there apparently was not appreciable difference in the digestibility of 
the corncobs, beeswing or woodyring. (The average "estimated" T.D.N. 
values were 41.5 3 , 44.1 3 and 45.43 for the ground corncobs, bees-
wing and woodyring, respectively.) Also, there was but a slight differ-
ence between the "estimated" T.D.N . values of the % inch ground 
cobs and woodyring. (The "estimated" T.D.N. values were 43.93 for 
the % inch and 43.1 3 for the 1;4 inch ground corncobs and woody-
ring.) 
At the completion of the wintering phase the animals were re-
grouped into ten lots for a fattening test. The identity of all the 
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animals from the wintering test was maintained. This made it pos-
sible to determine if any carry-over or detrimental effects might result 
from the feeding of cob materials to the cattle. 
A careful examination of the da ta from the fattening test revealed 
that the performance of the cattle apparently was not hindered or 
impaired by the cob materials that were fed to them during the 
wintering phase. The fattening rations consisted of ground sh elled 
corn, prairie hay, and one of several protein supplements with or 
without diethylstilbestrol. 
Feeding Trial II 
The original plans were to duplicate the same feeding exp eriment 
carried out in the first trial. However, following a careful review of 
the results obtained in the first feeding trial during 1955 it appeared 
desirable to modify the experiment for the second trial. 
The objectives of the second feeding trial were: 
1. To determine the relative feeding value of beeswing and ground 
corncobs in wintering beef cattle rations. 
2. To determine the effects of soybean oil meal, deh ydrated alfalfa 
meal and the combination of soybean oil meal and dehydrated alfalfa 
meal as protein supplements in wintering beef cattle rations consisting 
largely of ground corncobs or beeswing. 
3. To d etermine the feeding values of beeswing and ground corn-
cobs when fed at different levels in wintering beef cattle rations. 
Cattle Used: 
The sixty- two h ead of "good" grade yearling Hereford steers in-
cluded in this trial were raised on the same ranch as the cattle used 
in the previous feeding trial. The average initial weight of the sixty-
two head was 767 pounds. 
Twelve lots were included in this test with five steers each in 
six of the lots, six steers each in four lots and four steers each in 
two of the lots. Only four steers each were included in lots 3 and 11. 
There were originally five steers per lot in each of these two lots. 
However, one steer in lot 3 and a steer in lot 11 failed to gain, ap-
parently due to n ervousness. The feeds consumed by these animals 
during the experimental period were adjusted on the basis of T.D.N. 
consumed for maintenance. 
Feeds Used: 
The ground corncobs and beeswing were processed and acquired 
from a corncob processing plant at Peoria, Illinois. Only one texture 
(Y4 inch grind) of ground corncobs was used. The beeswing material 
was recovered from hammer mill ground cobs by aspiration. 
The composition of the feeds used in the test are reported in Table 
7 and a detailed chemical analysis of the beeswing and ground corn-
cobs is shown in Table 8. 
JO 
TABLE 7. Com posi t ion of feeds used in feed ing test. 
Feed Moi sture I Crude Crude Crude Ash N.F.E. Protein fat fiber 
% % % % % % 
Beeswing 7.36 3.J O 0.50 34.7 3.34 5 1.0 
Ground corncobs 7.49 1.24 0.48 36.3 0.7 1 53.78 
Ground shelled corn 10.57 9.60 1.10 7.8 1.24 69.69 
Soybean oil meal 7.30 48.70 4.63 3.6 5.72 30.03 
Molasses 25.70 3.J O 8.00 63.20 
Dehy. alfa lfa m eal 5.50 20.00 2 .5 1 30.9 10.39 30.70 
TABLE 8. Chem ica l analyses of beeswing and grou nd corncobs* 
Sa m ple Bees wing Corncobs 
Ash 3.61 0 .77 
Lignin 17.7 16 .8 
Pen tosans 34 .l 38.6 
Cellulose 35.2 38.2 
Solub ili ty in: 
H ot water 5.41 5.21 
Alcohol benzene 3.l 9 2.88 
1% NaOH 37.8 32.9 
* R eported on moi sture-free basis. 
TABLE 9 . The dai ly rations p lanned for the experimen t. 
Lot Groun d I Beesw ing l Ground Soybean Deh y. No. corncobs sh ell ed Molasses oi l mea l a lfa lfa corn meal 
lb s. lbs. lb s. lbs. lbs. lb s. 
1 13 0 2 2 2 0 
2 13 0 2 1 0 6 
3 13 0 2 I I 3 
4 7 0 8 2 1 0 
5 7 0 8 I 0 3 
6 ~ 0 8 1 0 .5 1.5 I 
7 0 13 2 2 2 0 
8 0 13 2 1 0 6 
9 0 13 2 I I 3 
10 0 7 8 2 l 0 
JI 0 7 8 I 0 3 
12 0 7 8 l 0.5 1.5 
Rations: 
T h e daily ra tions for each of the twelve lots were set up as shown 
in Table 9. 
T h e supplem ents included in the high-level cob ra tion s (lots 1, 
2, 3, 7, 8 and 9) were adjusted in quantity so tha t the p ro tein and 
to tal digestible nutrient conten ts would be n early equal. Likewise, 
these adjustmen ts were m ade for the supplements fed to the steers on 
low-level cob ra tions (lots 4, 5, 6, JO, 11 and 12). T h e T.D.N . value 
of 54.03 was u sed for dehydra ted alfalfa meal. Values for other in-
gredien ts h ave been sh own on page 7. 
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The ratio or proportion of ground corncobs to ground shelled 
corn fed to the steers in lots 4, 5 and 6 (low-level cob rations) was 
selected so that the daily total digestible nutrient intake (including 
the T.D.N. from the molasses and protein supplements) would be 
similar to the total digestible nutrient intake for the rations fed in 
lots 1, 2 and 3 (high-level cob rations). These were set-up so that the 
T.D.N. values of cobs or beeswing might be compared with the T.D.N. 
value of corn. A similar comparison could be made by comparing the 
high level of beeswing fed to the steers in lots 7, 8 and 9 with the low 
level beeswing fed to steers in lots 10, 11 and 12. 
Results: 
The feeding trial was started December 20, 1955 and completed 
May 8, 1956, a period of 140 days. 
The summary of the second feeding trial showing the gains, aver-
age daily ration, and feed consumption per hundred weight gain for 
each of the twelve lots is presented in Table 10. 
The six lots (lots 1 through 6) of steers fed ground corncobs in the 
ration made an average daily gain of 1.54 pounds while the six lots 
(lots 7 through 12) that were fed the beeswing in the ration made an 
average daily gain of 1.57 pounds. However, the steers fed ground 
corncobs made the most efficient gains as shown in Table 11. 
The two levels of cob components fed in this trial did not affect the 
efficiency of feed utilization. The three lots ( 1, 2 and 3) of steers fed 
high-level cobs in the ration consumed an average of 7.07 pounds of 
T.D.N. per pound of weight gain while the three lots (4, 5 and 6) fed 
low-level cobs consumed an average of 7 .02 pounds of T.D.N. per 
pound of gain. 
The three lots (7 , 8 and 9) of steers fed the high-level bees wing 
consumed 7.26 pounds of T.D.N. per pound of gain and the three lots 
(10, 11 and 12) fed low-level beeswing averaged 7.26 pounds of T.D.N. 
per pound of gain. Thus, the steers fed either a low or high level of 
beeswing or ground corncobs consumed about the same amount of 
T.D.N. for a pound of weight gain. The steers fed beeswing as the 
principal feed in the ration consumed 0.21 pound more T .D.N. daily 
for a pound of gain as compared to those fed ground corncobs. 
The steers fed the low-level cobs or beeswing were in higher flesh 
at the conclusion of this trial than those fed the high-level of these 
materials. This observation perhaps is reflected by the daily gains. 
The average daily gain for the six lots fed the high-level of cobs or 
beeswing was 1.46 pounds and 1.65 pounds for the six lots fed the low-
level cobs or beeswing. 
The steers fed dehydrated alfalfa meal as the protein supplement 
made the largest gains. However, their efficiency of gain in terms of 
T.D.N. consumed per pound of gain was nearly equal to the steers fed 
soybean oil meal as the supplement. The steers that recei ved a com-
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TAllLF. 10. T ria l II - Summary of feed consumption and weigh t ga ins d uring wintering phase by ca ule whose ra tions included va rious 
cornco b materia ls. December 20, 1955 lo May 8, 1956- 140 days-(Resulls based on one average steer) 
Lot Number 1 2 3 4 5 6 7 8 9 JO 11 12 
No. steers per lot 6 6 4 6 6 5 5 5 5 5 4 5 
Initial weigh t, lbs. 760 760 774 758 751 77 1 772 774 771 775 780 770 
l'inal weight, lbs. 9,13 956 1001 1005 993 973 %4 1002 968 1011 1036 974 
Ga in / head , lbs. 188 196 227 247 242 202 192 228 197 236 256 204 
Daily ga in / head, lbs. 1.34 1.40 1.62 1.76 1.73 1.44 1.37 1.63 l .'1 1 1.69 1.83 1.46 
*Average da ily ra tion per head, lbs.: 
Ground shelled corn 2.0 2.0 2.2 8.0 8.0 8.0 2.0 2.0 2.0 8.0 8.9 8.0 
**G rcl. corncobsor beswing 12.0 10.9 13.0 7.0 6.9 7.0 12.9 12.9 12.9 7.0 7.8 7.0 
Soybean o il meal 2.0 I.I 1.0 0.5 2.0 1.0 1.0 0.5 
Dehydrated a lfa lfa meal 5.5 3.2 2.7 1.5 6.0 3.0 3.3 1.5 
Blackstrap molasses 2.0 1.0 I.I 2.0 1.0 1.0 2.0 1.0 1.0 2.0 I. I 1.0 
Sa lt 0.1 2 0.11 0 .1 5 0.10 0.12 0.11 0. 13 0. 13 0.14 0 .1 2 0. 15 0.14 
- Total feed per head , lbs.: 
"" G rd. she lled corn 280 275 303 11 20 1116 1120 280 280 280 1120 1244 1120 
(Grd. shelled corn , bu .) 5.0 4 .9 5.4 20.0 19.9 20.0 5.0 5.0 5.0 20.0 22.2 20.0 
* *G rcl corncobs/ beeswing 1679 1525 1824 974 965 975 1800 1800 1800 976 1090 974 
Soybean o il mea l 280 15 1 140 70 280 140 140 70 
Dehy alfa lfa meal 767 454 384 2 10 840 420 467 210 
Blackstrap molasses 280 137 154 280 140 140 280 140 140 280 155 140 
Salt 17.0 16.0 2 1.0 14.0 16.7 15.2 18.0 17.8 19.6 17.2 20.8 20.0 
Feed consumed per I 00 pounds l iveweigh t ga in , lbs.: 
Grcl. she lled corn 149 140 133 453 461 554 146 123 14 2 475 486 549 
Grd. corncobs or bees wing 893 778 804 394 399 483 938 789 914 4 14 426 477 
Soybean o il mea l 149 67 57 35 146 7 1 59 34 
Dehy a lfa lfa meal 391 200 159 104 368 213 182 103 
Blackstra p molasses 149 70 67 113 58 69 146 61 71 119 6 1 69 
Salt 9.0 8.2 9.3 5.7 6.9 7.5 9.4 7.8 9.9 7.3 8.1 9.8 
- -
-
• Also included: 40,000 1.U . Vit. A supplement, 22 .7 grams trace m ineral:zed sa lt ,, 0. 1 lb. stea med bon e mea l per head daily. 
••Ground co rncobs fed in Lots I through 6 and beeswing fed in Lots 7 th rough 12. 
TABLE 11. Daily T.D.N. consumption and T.D.N. consumption per pound of gain" 
(average values). 
Type of ration 
Dai ly T .D.N . 
consumption 
lbs. 
Ground corncobs (Lots 1, 2, 3, 4, 5 and 6) 10.86 
Beeswing (Lots 7, 8, 9, JO , 11 and 12) 11.31 
High level cobs (Lots 1, 2 and 3) 10.32 
Low level cobs (Lots 4, -~ and 6) 11.47 
High level beeswing (Lots 7, 8 and 9) 10.65 
Low level beeswing (Lots 10, 11 and 12) 11.98 
Soybean 011 meal supplement (Lots 1, 4, 7 and 10) 10.69 
Deh ydrated alfalfa supplement (Lots 2, 5, 8 and 11 ) 11.54 
Dehydrated alfalfa and soybean oil meal 11.03 
(Lots 3, 6, 9 and 12) 
Dai ly 
gai n 
lbs. 
1.54 
1.57 
1.45 
1.64 
1.47 
1.66 
1.54 
1.65 
1.48 
T.D.N. 
consump./lb. 
gain 
lbs. 
7.05 
7.26 
7.07 
7.02 
7.26 
7.26 
6.98 
7.02 
7.46 
""" The values for the dail y T.D.N. consumption and the average T .D.N . consumption per 
pound of gain presented in this table were ohtained by using T.D.N. values taken from 
Morri son's Feeds and Feeding tables. 
bination of dehydrated alfalfa meal and soybean oil m eal made the 
lowest gains and showed the poorest feed efficiency. No explanation 
can be given for this since the cattle fed only dehydrated alfalfa as 
the protein supplement m ade the largest gains. 
In the discussion of the results obtained in the first feeding tria l a 
comparison was m ade b etween the "observed" T.D.N . values and 
"estimated" T.D.N. values for the corncobs, woodyring and beeswing. 
Also, the amount of "estimated" T.D.N. consumed daily was calculated 
from the daily gains and average weights of animals during the exp eri-
ment according to Winchester and Hendricks' equation. These values 
were compared with the "observed" daily T.D.N. consumption. The 
"observed" T.D.N. consumption figures were derived by multiplying 
the daily feed consumption with the Morrison's T.D.N . values for the 
various feeds included in the ration. The "observed " and "estimated" 
T.D.N. consumptions (daily) per steer are shown in Table 12. These 
figures agree very closely. Statistically, (t test) there was no significant 
difference (P > 0.3) between the two comparisons. 
There was a highly significant correlation (0.96) between the "ob-
served;' and "es timated" daily T.D.N. consumption for the groups that 
were fed a high-level of cobs or beeswing. A correlation of .69 (not 
significant) was obtained when the figures for the groups fed low-level 
cobs or beeswing were compared. This indicates that the steers fed a 
low-level of cobs or beeswing required less energy (for the gains that 
were made by these steers) than estimated as compared to those that 
were fed a high-level of the cob materials. 
In substituting the average daily gains and average weight of the 
animals during the second experiment in the equation proposed by 
Winchester and Hendricks (20), higher T.D.N. values were obtained 
for the corncobs and beeswing as compared to the T.D.N. values for 
these feeds estimated in Trial I. The "estimated" T.D.N. values for 
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T ABLE 12. Comparison of "observed " and "estima ted " T .D.N. consumption for the 
steer gains. Trial II . 
I A v . "Observed " "Estimated" Lot No. D a ily T.D. N . T .D.N . 
Gain Consumption Consumption 
-:--~------"------
"' .D 
0 
u 
c: 
5 
u 
I 
2 
3 
Average 
4 
5 
6 
Average 
7 
8 
9 
Average 
10 
II 
12 
Average 
lbs. l bs. 
High L evel Cobs, Low L evel Corn 
1.34 9.73 
1.40 IO.I I 
1.62 10.93 
1.45 10.26 
Low Level Cobs, High L evel Corn 
1.76 11.45 
1.73 11.60 
1.44 ! 1.26 
1.6'1 l I .47 
High L evel B eeswing, Low L evel Corn 
1.37 10.13 
1.63 11.34 
1.41 10.47 
1.47 10.65 
Low L evel Beeswing, High L evel Corn 
1.69 11.46 
1.83 13.12 
1.46 I 1.35 
1.66 11.98 
l bs. 
10.35 
10.62 
11.77 
10.91 
12.30 
12.08 
10.90 
I 1.7' 
10.58 
11.81 
10.77 
11.05 
12.11 
12.83 
10.08 
11 .97 
the ground corncobs and beeswing that were fed in Trial II are shown 
in Table 13. Although no definite explanation can be given for the 
variations in the "estimated" T.D.N. values it appears that the level 
of corn or readily available energy in the ration might tend to lower 
the digestibility of corncobs and beeswing. 
The animals from this second feeding trial were also regrouped 
into different lots at the completion of the wintering phase. Again, 
no bad effects were observed as determined by the performance and 
health of the animals. The feeding of the cobs or the beeswing during 
the wintering phase did not hinder the gains when the steers were put 
TABLE 13. "Estimated" T .D.N. values of 
Winchester and H endricks' formula. 
ground corncobs and beeswing based on 
Ground corncobs Beeswing 
Est. Est. 
Lot N o. Supplement T.D. N . Lot No. Supplement T.D.N. 
% % 
Low L evel Corn Low L evel Corn 
I Soybean oil meal 50.8 7 Sovbean oil meal 49.1 
2 Dehy. alf. mea l 50.3 8 Dehy. alf. meal 49.2 
3 Dehy. + S.0.M. 52.2 9 Dehy. + S.0.M. 47.9 
Average 51.1 Average 48.7 
l:!igh L evel Corn High L evel Corn 
4 Soybean oil meal 57.4 10 Soybean oil meal 54.7 
5 Dehy. alf. meal 52.6 II Dehy. alf. meal 41.9 
6 Dehy. + S.O.M. 39.0 12 Dehy. + S.O.M. 40.1 Average 49.7 Average 45.6 
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in the fattening test. This fattening test was a duplication of the 
test which included the animals from the wintering phase of Trial I. 
The major difference in the fattening rations of the second fattening 
test was the replacement of prairie hay with alfalfa hay. 
SUMMARY AND CONCLUSIONS 
Two feeding trials were conducted to (1) determine the compara-
tive feeding values of ground corncobs with two fractions of the corn-
cobs-namely, the beeswing and woodyring, and (2) to compare differ-
ent factors that might affect the utilization of ground corncobs and 
cob fractions in wintering rations for beef cattle. 
In the first feeding trial it was found that the beeswing and woody-
ring were nearly equal to ground corncobs as indicated by the daily 
gains of the experimental animals and the "estimated" digestibility 
of these feeds. The "estimated" T.D.N. values were 41.53 , 44.1 3 and 
45.43 for the ground corncobs, beeswing and woodyring, respectively. 
The texture or fineness of grinding of the corncobs and woodyring 
did not have any appreciable effect on the gains or the efficiency of 
feed utilization. The addition of alfalfa hay to the rations consisting 
largely of ground corncobs, beeswing or woodyring did not affect the 
gains but did increase the T.D.N. value of these feeds as estimated by 
the amount of T.D.N. required per unit of gain when the Winchester 
and Hendricks' formula was applied. 
The steers fed ground corncobs made nearly the same gains as 
those fed the bees wing as the major feed in the ration during the 
second feeding trial. However, more efficient gains were made by 
the steers fed the ground corncobs. 
Efficiency of gain was not influenced by the level at which ground 
corncobs or beeswing materials were fed. However, the steers fed low-
level cob rations (with high-level corn) made larger gains and were in 
a higher degree of flesh at the conclusion of the feeding period. 
Of the protein supplements compared in this trial the steers fed 
dehydrated alfalfa meal made the largest gains. However, their 
efficiency in terms of T.D.N. consumed per pound of gain was nearly 
equal to the steers fed soybean oil meal as the supplement. The steers 
that received a combination of dehydrated alfalfa meal and soybean 
oil meal made the smallest gains and had the poorest feed efficiency. 
The "estimated" T.D.N. values of 51.1 3 and 48.7 3 were obtained 
for the ground corncobs and beeswing respectively when these feeds 
were fed at high levels with low level of corn in the ration. The figures 
were somewhat lower when the corncobs or beeswing were fed with 
a high level of corn. 
Following completion of the wintering phase the animals were 
regrouped into ten lots for the fattening phase. One of the objectives 
of the study at this stage was to determine the possibilities for an y 
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carry-over or deleterious effects of feeding cob materials to the cattle. 
The identity of all animals from the wintering tests was maintained 
and thereby it was possible to follow their performance in the fatten-
ing test. The fattening rations consisted of ground shelled corn, pro-
tein supplements with or without diethylstilbestrol and hay. 
Prairie hay was used in one trial and alfalfa hay in the other trial. 
No appreciable differences were found in the gains or in the general 
health of the animals that could be attributed to the ground corncobs 
or cob fractions that were fed in the wintering rations. However, the 
steers that received the low levels of cob materials in the rations dur-
ing the second wintering experiment were heaviest in weight at the 
beginning of the fattening phase. Also, these cattle were heaviest in 
weight when marketed at the completion of the fattening test. There 
was little difference in carcass grades between the heavier weight cattle 
and the lighter ones. 
RECOMMENDATIONS 
On the basis of results and experiences obtained from these experi-
ments the following suggestions are offered: 
l. Although there was no appreciable difference observed in the 
performance of the animals fed V4 inch ground corncobs as compared 
to those fed % inch ground corncobs, it is preferable to have the 
cobs ground through a Yi inch screen. This may increase the cost of 
grinding somewhat but it will reduce the waste of ground cobs. Cattle 
have a tendency to sort out the larger particles when the cobs are 
ground through a % inch screen or larger. 
2. When the wintering ration consists largely of ground corncobs or 
cob fractions, the addition of alfalfa hay to the ration will increase 
the feeding value of corncobs or cob fractions. Dehydrated alfalfa 
meal may be substituted for the alfalfa hay if it does not cost too much 
as compared to the hay. 
3. vVhen beeswing and/ or woodyring are available as a by-product 
of the corncob processing industry they may be fed at levels similar 
to those at which ground corncobs would be fed. Since the chemical 
compositions of these feed materials are similar to that of the corn-
cob they must be properly supplemented. The beeswing is rather 
bulky and, therefore, the use of other bulky feeds in the ration should 
be avoided as much as possible if maximum consumption of the bees-
wing is to be maintained. 
4. The inclusion of two pounds of liquid cane molasses to a ration 
consisting largely of ground corncobs or cob fractions will induce cattle 
to clean up their feeds more rapidly than when no molasses or one 
pound of molasses is fed. However, this probably will not increase 
the daily consumption of ground corncobs. 
5. The maximum quantity of ground corncobs or cob fractions that 
a yearling steer will consume ranges from l 2 to IS pounds daily. 
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6. If daily gains exceeding 1.5 pounds are desired by feeding ground 
corncobs or cob fractions for wintering yearling steers the daily ration 
can consist of approximately equal parts of ground corncobs or cob 
fraction and ground shelled corn. If ground ear corn is available, 
a mixture of 35 to 40 per cent ground cobs to 60 to 65 per cent ground 
ear corn may be fed. 
When a low level, about two pounds, of corn is fed in the daily 
ration with an abundance of ground corncobs the gains will be re-
duced about ten per cent and the cattle will carry less condition at the 
end of the wintering period. If the cattle are to be grazed following 
the wintering period, it may be desirable to feed a low level of corn . 
Proper levels of protein, minerals and vitamin A or carotene should 
be added to the cob rations which include either a low or high level of 
corn. 
7. Whenever the cost of dehydrated alfalfa meal is not too high, 
it may be used to supplement a wintering ration composed largely of 
ground corncobs or cob fractions. Other protein supplements such 
as soybean oil meal can also be used when there is relatively no d iffer-
ence in the cost per unit or pound of protein. 
LITERATURE CITED 
I. ANDERSON, JOHN T. 1956. A study of the effect of a ration of h igh 
corncob content upon cattle and the microorganisms of their 
rumina. University of Nebraska. Thesis. 
2. BAKER, MARVEL L., and VINCENT H. ARTHAUD. 1949. Feeding 
ground corncobs to fattening yearling steers. Nebraska Experi-
ment Station Bulletin 396. 
3. BENTLEY, ORVILLE G., RONALD R . .JOHNSON, STEVE VANECKO and 
C. H. HUNT. 1954. Studies on factors needed by rumen m icro-
organisms for cellulose digestion in vitro. Journal of Animal 
Science. 13:581. 
4. BENTLEY, ORVILLE G., S. VANECKO, C.H. HUNT and A. L. MoxoN. 
1953. Nutritional requirements of rumen microorganisms for 
cellulose digestion in vitro. Journal of Animal Science. 12:908. 
5. BURROUGHS, WISE, L. S. GALL, PAUL GERLAUGH and R. M. BETHKE. 
1950. The influence of casein upon roughage digestion in cattle 
with rumen bacterial studies . .Journal of Animal Science. 9:214. 
6. BURROUGHS, WISE, PAUL GERLAUGH, and R. M. BETHKE. 1950. The 
influence of alfalfa hay and fractions of alfalfa hay upon the 
digestion of ground cobs. Journal of Animal Science. 9:207. 
7. BURROUGHS, vV1sE, P. GERLAUGH, B. H. EDGINGTON and R. M. 
BETHKE. 1949. The influence of cornstarch upon roughage d iges-
tion in cattle. Journal of Animal Science. 8:271. 
8. BURROUGHS, \!\TISE, PAUL GERLAUGH, A. F. SCHALK, E. A. S1LvER and 
L. E. KUNKLE. 1945. The nutritive value of corncobs in beef 
cattle rations. Journal of Animal Science. 4:373-386. 
18 
9. B URROUGHS, ' 1VIsE, A. LATONA, P. DEPAUL, P. GERLAUGH and R. M. 
BETHKE. 1951. Mineral influences upon urea utilization and 
cellulose digestion by rumen microorganisms using the artificial 
rumen techniqu e. Journal of Animal Science. 10:693. 
10. CHAPPEL, C. F., R . ]. SIRNY, C. K. WHITEHAIR and ROBERT MAC-
VICAR. 1952. Effect of minerals on digestion of low quality rough-
age by sheep. Journ al of Animal Science. 11:758. 
11. CLARK, T . F . and E.C. LATHROP. 1953 . Corncobs.-their composi-
tion, availability, agricultural and industrial uses. AIC-177 
(Revised) Northern Reg. R es. Lab. U.S.D.A.-B.A. I.C. 
12. CULBERTSON, C. C., P. s. SHEARER, vV. E. HAMMOND and SCOTT 
MooRE. 1947. Shelled corn , ground ear corn and ground ear corn 
plus additional cob with different amounts of protein for fat-
tening yearling steers. An. Husb. Leaflet No. 165, Iowa State Agr. 
Experiment Station. 
13. H UNT, CHAS. H., ORVILLE G. BENTLEY, T. V. HERSHBERGER, and 
]. H. CLINE. 1954. The effect of carbohydrates and sulfur in B-
vitamin synthesis, cellulose digestion, and urea utilization by 
rumen microroganisms in vitro. Journal of Animal Science. 
13:570. 
14. KLOSTERMANN, E. W ., L. E. KUNKEL, ORVILLE G. BENTLEY and 
' 'VISE BURROUGHS. 1953. Supplements to poor quality hay for fat-
tening cattle. Ohio Agr. Agr. Expt. Station R es. Bul. 732. 
15. :VloRRISON, F. B. 1954. Feeds and Feeding. Twenty-first Edition, 
Unabridged. Appendix, Table I. The Morrison Publishing Co. 
16. PLUMLEE, M . P., ROBERT ToTUSEK and W. M. BEESON. 1953. The 
effect of adding trace minerals to rations of identical twin beef 
cattle. Journal of Animal Science. 12:928 (Abstract). 
17. SCHNEIDER, B URCH H . 1947. Feeds of the world-their digestibility 
and composition. vVest Virginia Agr. Expt. Station. 
18. SWIFT, R . W ., E. ]. THACKER, A. BLACK, ]. W. BRATZLER, and , i\T. H . 
JAMES. 1947. Digestibility of rations for ruminants as affected by 
proportions of nutrients. Journal of Animal Science 6:432 . 
19. TILLMAN, A. D. , R . ]. SIRNY, and ROBERT MACVICAR. 1954. The 
effect of alfalfa ash upon the digestibility and utilization of 
cottonseed hulls by sheep. Journal of Animal Science. 13:726. 
20. vVINCHESTER, c. F ., and w. A. H ENDRICKS. 1953 . Energy require-
ments of beef calves for maintenance and growth. U.S.D.A. Tech. 
Bulletin No. I 071. 
19 

